What is claimed is: 



1 . An apparatus for non-intrusively sensing fluid flow within a petrolei 
well pipe, said apparatus comprising: 
5 an acoustic signal sensing array having a plurality of sensors, j&ch sensor 

including a coil of optical fiber wrapped a plurality of turns around^ 
circumference of said pipe; 

wherein optical power sent from a source connected t6 said apparatus 
travels into said acoustic signal sensing array and said acoustic signal sensing 
10 array produces a first signal relating to said acoustic signal; 

a local pressure variation sensing array having^ a plurality of sensors, each 
sensor including a coil of optical fiber wrapped a plurality of turns around said 
circumference of said pipe; 

wherein optical power sent from said source travels into said local 
1 5 pressure variation sensing array and said local pressure variation sensing array 

produces a second signal relating to said \o/a\ pressure variation; and 

a housing attached to said pipe fo/enclosing°Said sensing arrays. 
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2. The apparatus of claim 1, wherein sa/d acoupc signal sensing array 
further includes at least one reflective element dispose' 1 



sen sensors. 



3. The apparatus of clainyz, wherein said reflective element is a fiber Bragg 
Grating. 



25 4. The apparatus ojclaim 1, wherein said sensors within said acoustic signal 

sensing array are spaaed to sense acoustic signals traveling at the speed of sound 
through said fluid, and said first signal relating to said acoustic signals can be 
used to determine/a 7 speed of sound for said fluid within said pipe. 



30 5. The apparatus of claim 4, wherein said sensors within said acoustic signal 

sensing array are spaced a known or determinable distance or distances apart. 
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6. The apparatus of claim 5, wherein said sensors ^rahin said acoustic signal 
sensing array are spaced equidistant. 

7. The apparatus of claim 1, wherein said sensors within said local pressure 
variation sensing array are spaced to sense local pressure variations traveling with 
said fluid flow, and said second signal relating to said local pressure variations 
can be used to determine a velocity for said fluid flow within said pipe. 



8. The apparatus of claim 7, wherein said sensors within said local pressure 
10 variation sensing array are spaced a know,n or determinable distance or distances 

apart. 



The apparatus of claim 8, wherein said sensors within said local pressure 
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variation sensing array are spaced equidistant. 

/ 

10. The apparatus of claim 1 /'wherein said housing attached to said pipe 
forms a pressure vessel having/an annular region disposed enclosed between said 

housing and said pipe, and said sensing arrays are disposed in said annular 

/' 

/•' 

region. / 




1 1 . The apparatus of claim 1, wherein said^ce-iS'sufficiently compliant so 

/ / /? 

that said acoustic signals and said loc(ll pressure variations may be sensed 

/ 

through a wall of said pipe. 



25 12. An apparatus for non-intrusively sensing fluid flow within a pipe, said 

/ 

apparatus comprising: 

a first sensing array for sensing signals traveling at the speed of sound 

A' 

through said fluid flow within said pipe, said first sensing array having a plurality 
of first sensors each including a coil of optical fiber wrapped a plurality of turns 
30 around a circumference of said pipe; 

a second sensing array for sensing local pressure variations traveling with 
said fluid flow, said second sensing array having a plurality of second sensors 
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each including a coil of optical fiber wrapped a plurality of turny around said 
circumference of said pipe; and 

a housing attached to said pipe for enclosing said sensing arrays. 



13. An apparatus for non-intrusively sensing fluid flow within a pipe, said 
apparatus comprising: 

a speed of sound sensor that includes an arn$ of first sensors for sensing 
acoustic signals, each first sensor including a coiL$f optical fiber wrapped a 
plurality of turns around a circumference of saic/pipe, and wherein optical power 
sent from a source connected to said apparatus travels into said array of first 
sensors and said array of first sensors produces a first signal relating to said 
acoustic signals; Jj 

a fluid flow velocity sensor that /includes an array of second array sensor 
for sensing local pressure variations, e£ch second sensor including a coil of 
optical fiber wrapped a plurality of turns around said circumference of said pipe, 
and wherein optical power sent from said source travels into said array of second 
sensors and said array of second sensors produces a second signal relating to said 
local pressure variations; and / 

a housing attached to said pipe for enpfosingisaid sensing arrays. 



14. An apparatus for non-intmsively(sen£mg flumflowwithin a pipe, said 
apparatus comprising: j 

a sensing array ibr sensing signals traveling at the speed of sound through 
said fluid flow within' said pipe, said sensing array having a plurality sensors, 
each sensor includir^ a coil of optical fiber wrapped a plurality of turns around a 
circumference of s^id pipe; and 

a housing/attached to said pipe for enclosing said sensing array; 

whereirXptical power sent from a source connected to said apparatus 
travels into saiti sensing array and said sensing array produces a response signal 
relating to sail signals traveling at the speed of sound. 



15. The apparatus of claim 14, wherein said sensing array further includes at 
least onejteflective element disposed between sensors. 
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16. The apparatus of claim 15, wherein said reflective element is a fiber 
Bragg Grating. 

17. The apparatus of claim 14, wherein said response signal can be used to 
determine a speed of sound for said fluid withn/ said pipe. 
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18. The apparatus of claim 14, wherein/said sensors within said sensing array 
are spaced equidistant. 

19. An apparatus for non-intrusively sensing fluid flow within a pipe, said 
apparatus comprising: 

a sensing array for sensinjmocal pressure variations traveling with said 
fluid flow, said sensing array having a plurality of>ensars, each sensor including 
a coil of optical fiber wrapped a plurality of pirns around a circumference of said 
pipe; and jj 

a housing attached to said pipe for enckosjn^g^a^d^s^s^g^arfay; 

wherein optical power sent fromWseurce connected to said apparatus 
travels into said senshWarray and said sensing array produces a response signal 
relating to said local pressure variations. 

20. The apparatus of claim 19, wherein said signal relating to said local 
pressure variations can be used to determine a velocity for said fluid flow within 
said pipe. 




21. The apparatus of claim 19, wherein said sensors within said sensing array 

are spaced 

equidistant. 
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22. An apparatus for non-intrusively sensing fluid flow within a^ipe, said 
apparatus comprising: 

a first sensing array for sensing signals traveling at the stfeed of sound 
through said fluid flow within said pipe, said first sensing array having a plurality 
of first sensors each including a coil of optical fiber attached to said pipe; 

a second sensing array for sensing local pressure ^variations traveling with 
said fluid flow, said second sensing array having a plurality of second sensors 

each including a coil of optical fiber attached to said'pipe; and 

/ 

a housing attached to said pipe for enclosing said sensing arrays. 



23. An apparatus for non-intrusively sensing fluid flow within a conduit, said 
apparatus comprising: / 

a speed of sound sensor that includes an array of first sensors for sensing 

acoustic signals, each first sensor including a coil of optical fiber wrapped one or 

/ 

more turns around a circumference of said pipe, and wherein optical power sent 

/ 

from a source connected to said apparatus travels into said array of first sensors 

/ 

and said array of first sensors produces a first sisiiaTr&lating to said acoustic 

/ 

signals; 




a fluid flow velocity sensor that includes^an a^^ofsecond array sensor 
for sensing local pressure variations, each second sensor including a coil of 

optical fiber wrapped one,6r more turns around said circumference of said pipe, 

/ 

and wherein optical power sent from said source travels into said array of second 
sensors and said array , of second sensors produces a second signal relating to said 

if 

local pressure variations; and 

a housing attached to said pipe for enclosing said sensing arrays. 



24. An apparatus for non-intrusively sensing fluid flow within a conduit, said 
apparatus comprising: 

a speed of sound sensor that includes an array of first sensors for sensing 
acoustic signals, each first sensor including a coil of optical fiber wrapped one or 
more turns disposed substantially around a circumference of said pipe, and 
wherein' optical power sent from a source connected to said apparatus travels into 
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said array of first sensors and said array of firs^sensors produces a first signal 
relating to said acoustic signals; 

a fluid flow velocity sensor that includes an array of second array sensor 
for sensing local pressure variations, e^ch second sensor including a coil of 
optical fiber wrapped one or more tdrns substantilMlyaround said circumference 
of said pipe, and wherein opticaV*power sen/frofh said source travels into said 
array of second sensors and said array of second serl50TS=pro^hices a second signal 
relating to said local pressure variations; and 

a housing attached to said pipe for enclosing said sensing arrays. 
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